Various mechanisms of neuronal gain control (neuromodulation, synaptic, noise and neuronal synchronization) affect the stimulus-response transfer function of cortical neurons [1] . In light of the role of neurotransmitters, such as dopamine, in affecting noise in neural information processing [2] , understanding how neuromodulation may interact (or tradeoff) with other mechanisms of gain control, such as neuronal synchronicity, becomes paramount [3, 4] . Specifically, we investigate this interaction by making use of the phenomenon of stochastic resonance (SR), which states that at certain optimal levels (background) noise is beneficial for neuronal information processing [3, 5] , thereby acting as another gain mechanism. In an early study, we showed that key characteristics of stochastic resonance (the peak of the SR function as well as the extent of the right-shift of the function) can be affected by a parameter simulating dopaminergic modulation efficacy: simulated neural networks with suboptimal neuromodulation, though still exhibiting the SR phenomena, the peak of SR is reduced, requiring more noise to arrive at the same SR effect [6] . An unresolved question is to what extent noise, its SR characteristics and systems-level neuronal information processing, such as neuronal synchronicity, are affected by deficient neuromodulation [2, 6] .
Introduction
Various mechanisms of neuronal gain control (neuromodulation, synaptic, noise and neuronal synchronization) affect the stimulus-response transfer function of cortical neurons [1] . In light of the role of neurotransmitters, such as dopamine, in affecting noise in neural information processing [2] , understanding how neuromodulation may interact (or tradeoff) with other mechanisms of gain control, such as neuronal synchronicity, becomes paramount [3, 4] . Specifically, we investigate this interaction by making use of the phenomenon of stochastic resonance (SR), which states that at certain optimal levels (background) noise is beneficial for neuronal information processing [3, 5] , thereby acting as another gain mechanism. In an early study, we showed that key characteristics of stochastic resonance (the peak of the SR function as well as the extent of the right-shift of the function) can be affected by a parameter simulating dopaminergic modulation efficacy: simulated neural networks with suboptimal neuromodulation, though still exhibiting the SR phenomena, the peak of SR is reduced, requiring more noise to arrive at the same SR effect [6] . An unresolved question is to what extent noise, its SR characteristics and systems-level neuronal information processing, such as neuronal synchronicity, are affected by deficient neuromodulation [2, 6] .
Methods
Adapting earlier ideas [3, 4] , we used a simplified version of a 10 × 10 synfire chain [7] feedforward network consisting of leaky integrate and fire neurons. Simulations were performed using the Neural Simulation Tool (NEST) [8] . The neurons in the first pool are stimulated externally, using Gaussian random inputs; background activity is based on Poisson process signals. In a first step, we replicated the results of [3, 4] showing that our network can exploit SR properties to arrive at synchronous activity. Next, to tackle the question of influence of deficient neuromodulation we simulated its effects on the network model activity by using varying sets of input spikes and their temporal precision as well as varying the degrees of background noise, effectively altering gain control. We further used Matlab to analyze the spike time data.
Results and discussion
We found that simulating deficient neuromodulation can have a significant impact on neuronal gain control. Only limited optimal (random synaptic) noise range and SR efficacy can achieve synchronous network activity. We have to formally and analytically show how neuronal synchronicity, neuromodulation and synaptic noise are exactly related. By understanding the nature and dynamics of these processes, we can obtain a valuable insight for our understanding of cognitive processing and its problems in deficient neuromodulation.
